The problem of designing a concrete mixes consists of selecting the correct proportions of cement, fine and coarse aggregate and water to produce concrete having the specified properties. Sometimes a fifth ingredient, an admixture is used, there are many properties of concrete that can be specified e.g. workability, strength, elastic modulus, and durability requirements [1] .
The most fundamental way to specify mix parameters is in terms of the absolute volumes of the different materials required in a concrete mix. A more practical method, based on similar principles, is to refer to the weights of materials in a unit volume of fully compacted concrete.
Four different design methods were selected on the grounds of their different influencing parameters and design philosophies, those are,: the ACI [2] [3] , the D.O.E. [4] (current British method), Murdock [1] , and the Basic (Owen's) methods [5] , more detailed information will be given in the proceeding sections.
In the present research , the effect of different influencing parameters of the design methods considered on concrete characteristics (at the given workability) will be investigated.
In this section, four different design methods will be discussed in detail as follows: , The American concrete institute recommends a method of mix design considering the most economical use of available materials to produce concrete of a desirable workability and strength. The design tables incorporating the basic relationships between the parameters are useful in selecting optimum combinations of the ingredients of non airentrained or air-entrained concrete mixes. The standards apply primarily to concrete of average density, with the consistency varying from "extremely dry" without any slump to "flowing" when the slump is of the order of 150 to 175 mm. This method recommends a suitable degree of workability for concrete in the form of slump depending upon the type of construction and the maximum sizes of aggregate varying from 10 mm to 150 mm, suitable for different situations. The ACI. method utilizes the fact that for a given maximum size of aggregate, water content in kilograms per cubic meter determines the workability of the mix, largely independently of the mix proportions. This is in contrast to the method of road note No.4, where the water/cement ratio is directly determined from the desired strength considerations, almost independtly of the size and type of aggregate.
The determination of the quantity of coarse aggregate in the mix is based on the assumption that the optimum ratio of the bulk volume of the coarse aggregate to the total volume of concrete depends only on the maximum size of aggregate and on the grading of the fine aggregate. The shape factor of the aggregate is automatically taken into account in the determination of the bulk density. The water/cement ratio is selected based on the strength and durability requirements. Knowing the volumes of water, coarse aggregate, and cement, the quantity of fine aggregate required is determined by the absolute volume method, allowing for the quantity of air-entrained in the mix. The final proportions should be established by actual trial and necessary required for the field mixes.
The current British method of concrete mix design has been produced to replace that in Road Note No. 4 , which has been one of the methods often used in the United Kingdom. The latter method was applicable to concrete for many purposes, although with its title and production by the Road Research Laboratory, it could be considered that the method was specifically for road surfaces .The present revised method of mix design is applicable to concrete for most purposes.
This method is restricted to designing concrete mixes for workability and strength using Portland cements complying with BS 12 or BS 4027 [6, 7] and natural aggregate complying with BS 882 [8] or coarse air-cooled slag complying with BS 1047. It does not deal with special cements or special concrete such as lightweight aggregate concrete.
This method follows broadly similar principles to those used in Road Note No. 4. It is divided into three parts. Part one gives the background information which is required to understand the mix design process and contains all the basic information in the form of tables and graphs for the application of the method to most concrete designed for compressive strength. A standardized form has been developed for use with this method, and a number of worked examples are given.
In the design of concrete mixes, the grading of the coarse and fine aggregate is an important factor since it affects the resulting workability. The quantity of water required to produce a given workability depends largely on the surface area of the aggregates. The surface area per unit weight of the material is termed as "specific surface" and this is an indirect measure of the aggregate grading. The specific surface increases with a reduction in the size of material so that fine sand contributes very much more to the surface area than does the coarse aggregate. The workability of a mix is therefore influenced more by the finer fractions than the coarser particles of the aggregate.
Specific surface gives somewhat misleading picture of the workability to be expected and to overcome this difficulty, Murdock has suggested the use of surface index, which is an empirical number, related to the specific surface of the particles with more weightage assigned to the coarser material.
The total surface index (f s ) of a mixture of aggregates is calculated by multiplying the percentage weight of material retained on each sieve and the corresponding surface index and to their sum is added a constant of 330 and the result is divided by 1000.
The specific surface varies with different types of aggregate due to variations in the angularity. The angularity index (f a ) depends upon the grading of coarse and fine aggregate, angularity number and the relative proportion of coarse and fine aggregates in the final mix. For single sized aggregate, the angularity index (f a ) can be expressed in the form, G= specific gravity of aggregate particles.
V= volume of the cylinder (ml).
The angularity index of combined aggregate is determined by combining the angularity index for each single size in proportion to the amount present in the mixture. Crushed stones have a higher angularity index than the irregular and rounded gravels.
Most specifications for concrete are based, either on limiting the proportions or strength or on some other method of assessment. The basic mix method relies on the classification of the chosen or available materials and results of standard tests and tables are provided for the immediate selection of the first trial mix.
Adjustment is usually necessary to the first trial mix to suit the particular materials before basic mix is obtained. Other mixes linked to the Basic mix are then required to produce the test data for the mix chart. This chart, when completed, provides the information from which the batch quantities of material are selected to satisfy the particular requirements.
1. The maximum size of coarse aggregate, grading zone of fine aggregate and the grading type of coarse aggregate are determined in advance. 2. The first trial mix is selected using the suitable table from the set of given tables. Adjustments are made for: a) Specific gravity of cement and aggregate, b) Moisture condition of aggregate;
The above adjustment are made since the tables are based on specific gravity of cement, which equals (3.1) and for aggregate (fine and coarse), that equals (2.6) and is based on aggregate in saturated surface dry condition.
3. The first trial mix is batched to check the workability of fresh concrete. Correction is made, if necessary, for faults in workability or cohesion. 4. Tests for workability and density are made; corrections are made, if necessary, to obtain the basic mix. 5. Mix chart is then prepared as shown hereafter* . The cement and fine aggregate ranges are applied but water and coarse aggregate remain constant. 6. Test specimens are made with the two or more levels of cement content within the limiting range. 7. From the mix chart, the suitable mix is chosen to satisfy the requirements. Four mixes were designed by each of the four methods mentioned earlier at the four levels of compressive strength considered i.e. 20, 30, 35, and 40 MPa bringing the number of designed mixes to sixteen. Three 100 mm× 100 mm× 100 mm cubes/mix (two layers of fresh concrete and not less than 25 strokes per layer) were cured and tested according to BS
